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of general formula (3) useftil as intermediates ^TfY) (1) clT> W ""iflO 

for the preparation of duocarmycin SA and ^^"J aV***^, ** or ^tf 
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derivatives thereof which are expected to be 
useful as anticancer drugs; and a process for 
the preparation of these derivatives, wherein R 1 
is an amino-protecting group; R* is a 
hydroxyl-protecting group; R J is a 
hydroxyl-protecting group; and R 4 is C, -C 6 
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&®zMik-t?>xm'c&z> 0 *xgi* x (mi* • *y . 

f •y-^-yt-fxf-f • 7 • if +>f> (Bull. Chem. Soc. Jpn. ) J 4 4 
4 7 4M (1 9 7 li£) 4-i') LTfr-JC&tfT**. 
S4XS 

*xti<±, (2 a) xi± (2 b) T%»n«ft:^tt«ftftnicm-rs 
cijcto. -ass (3) •c^$ns<t^^33igrsigT*s„ *xs<*>» 

ftflbMR^ h 'J A „ ^ffif* U ■> A, gfcB*^- HJ •> A N mWtiJ 'J -> Att if® 
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(i£<K R 1 , R 2 . R 3 S^R 4 l±Blrt£<tl^l;o Xli^ny^^t. ) 



(3 S) - 3 -T-fc h + 5-7; / — 6 > > - 1 - t 

-yh + y*M-;H > K»J >4. 95g (12. Ommo 1 ) . 2-7d* 
^ntf^r/gM^H. 6 1ral (14. 4mmol) Rlfl. 8-b"X(v>y 
f-;U7> y) U>3. 09g(14. 4mmo 1 ) £0-tf> 1 8m 1 «K 

9 0XT5 O^M&SjffiUfco S^j0t*^>-t?>-C^LT^ tKx t&fn&g* 

W7A?D7 K77-( - (^+"9"> :f^K^f"^=4 : l-*2 : 1 ) "Cft 
gliLT. (3S) -3-7-t? h + [1- (y h + v/^l/tf-ZU) 



^cifii#] 1 
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5. 8 2 g (9 7%) *m~o 
HRMS : C 27 H 34 N 2 0 ? t LXft&m 4 9 8. 2 3 6 6 

^filJIit 4 9 8. 2 3 8 7 




(3S) - 3-7th*->yf^-5- [1- (/ \-*-si)>\,tf-)l) 
T ;/-6-'Ov?W+y - 1 - t -7 Y * i/ ii >IX ~ frj y K 'J > 5 . 8 2 g 

(11. 7mmo 1 ) > mm'*7WA5. 2 4 g (23. 4mmol) X ~B* 
fl:^>#>l. 52g (17. 5mmol)Stf4-rhD$,|f»l. 9 5g 

(11. 7mmo 1 ) *y^f^7-t? ;K50 0mlt, 90tTl 8^0*0 

-10:1) TftSJLTs (IS) - 1 -T-fe h + y^ 5 -Ky'Jfrit* 

>- 3 - t -T Y 1 , 2, 3, 6-f HtKDfoo [3, 

2 -e] * > K-*-7-#*#>i>f*l. 34g (2 3%) Wc„ M 
A :1 2 8. 5 - 1 2 9. 51C 7 7o t°;i/x--f^) 

C H N 

7C^«f : C 27 H 30 N 2 0 ? 65. 57 6. 11 5. 6 6 

mm® 6 5.4 0 6.0 5 5.6 4 
NMR (CDClj) <5 : 1. 58(9H. s). 2. 10(3H. s). 3. 80-3. 92(2H. m), 3. 92(3H, s), 
4. 06C1H. t. J=10. 3Hz), 4. 15(1H, dd. J=9. 3. 1 1. 2Hz), 4. 48(1H. dd. J=5. 4. 10. 8Hz). 5. 
22(2H, s). 7. 13(1H, d, J=2. 4Hz). 7. 39-7. 48(5H. m). 7. 82C1H. brs). 9. 00(1H, s) 

[a]/ 5 =-11. 1° (c0. 2K^^y-;|/) 
3£Jfc#J3 



WO 98/12197 



PCT/JP97/02207 



9 



—OAc 



BncA^ 
BOC 



r hn 




Boc 



(3S) -3-7* h + ->^f^-5-7; y - 6 ~*>5>***S/- 1 - t 
-yh + ->*M:-;K>K'J>l. 24 g (3. Ommol). tr^e>SM 
f-*0. 4 6 g (4. 5mmo 1 ) StfftBO. 2 m 1 £K >-tf > 3 0 m 1 «K 

CBMt'*5$">*l- 35 g (6. Ommol) *»At?yWt^;F 

> (5 : 1) "C 3 ©toft U bU^"^*^ «ifl* Sfit^Tft* 

t\1tim*: i s*)il , f*'* : 7l*t** ^77^ - :B«xf-;U=3 : 

1-2. 5:1)T»»LT. ( 1 S) - 1 -7* 5 
t+5/-3-t-yi'*i'#*#-*-l. 2, 3, 6-fh7tFneno 
[3. 2- e ] ^>K-*-7-***>i/^*0. 15g (10X)4»fc. 




BnO 

Boc 



(IS) -i-7-th + ->;f;l'-5-<>^^t + y-3-t-yh + ->* 
,Utf^- 1, 2, 3. 6-fh7tFoh'DD [3, 2- e]-* > 
- *;M5 JH. 34 g (2. 7mmo 1) ^^^;-^30mli: 
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tT^SI^'^AO. 75g (5. 4ramol) m> SfiCT 1 BflSHtfcL 

5:1) -CltjaLTx (IS) -5~'<>'J)V**>>-3- t 
^-l-tKn + y^f^-l, 2. 3. 6 -X K 7 t Ko fc?p n [3, 2- 
e] -i > K-^-7-AMy»>fAl. 1 4 g (9 3%) 

NMR (CDClj) <S: 1. 44(1H. brs). 1. 57(9H, s), 3. 74(1H, m). 3. 90(2H, m). 
3. 92(3H, s), 4. 03C1H. dd, J=3. 9, 11. 7Hz). 4. 16(1H. t. J=10. 8Hz). 5. 23(2H, s). 7. 12C1H, 
s). 7. 39-7. 50C5H. n), 7. 84(1H. brs). 9. 01C1H. s) 

[a] D 25 =- 1 7. 1° (cO. 20, ^/-Jl/) 



(l S) -5~<09*it**s-3- t -r |- + ->73;i/+:-;i/- 1 -fc Kn* 
->y*/l/-l. 2. 3. 6-fHtKDfDD [3, 2-e] -OK-;U-7 
-*;l/jK>»y f-;U2 5 6. 5mg(0. 57mmol) N h'J7x-WX7 
4>2 9 7. 4mg (1. 13mmol) *i*v??Dn/ ?>6m I i:j§BU 
ISl6fliK*0. 3 3ml (3. 4 Ommo 1 ) £jta*TT*ri>gffltL^ B£0r 

77^- ^+f>:ft|xf;l,= 4 : 1) TfltlSiU ^*ir LTs 
(IS) - 5 -Oi?)l>**i/- 3 - t -7 b + v/rtnl/tf^/l'- l-?PO/f 

2, 3, 6 -r h5 t Kp t°pp [3, 2 - e ] -f> K-*- 7 - 
f>S/f^2 4 5. 3mg (92%) £f#fco 

NMR (CDC 1 3 ) 5 : 1. 58(9H, s), 3. 56CIH, t, J=9. 8Hz), 3. 88-3. 97(2H, n), 
3. 93(3H, s), 4. 09C1H. m), 4. 19(1H. w). 5. 22C2H. s), 7. 08C1H. d. J=2. 0Hz). 7. 39-7. 50 



##M2 
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(5H. m), 7. 81 (1H, brs). 9. 03C1H. s) 

[a] 
##0<J3 



[a3 D 25 =- 2 9. 3° (cO. 18, ^/-W 




BOO 



(IS) - 5 -Oi? /!/:*-*->- 3 - t -7* h *^*7;i/*:.=.;U- 1 nn> 
f-yu-l. 2. 3. 6-xh7hKDh°na [3, 2-e] <OK-^-7-* 
W^|yf*15 0. 7mg (0. 3 2 mm o 1) „ 1 0«/<7y9Aftf 
90mg*f h7tKo77>4ml CM l« 7jc#T2 5 96^&T A 
1 m 1 «TIT 1 WttfliUfco Wxf*tJ(fl| U HtKBSS?^- h 'J 

7 * - Cv.**> : ftKif^= 1:1) TfllRU ^ + ^>T^ a B B {bLT. 
(IS) - 3- t -7"h*i/^^-;l'- 1 Ko*->- 
1, 2. 3, 6 h 5 t Ko foo [3, 2 - e] -f > K-*- 7 -* JM«> 
iyf^l 15. 9mg (9 596) 

NMR (CDC1 3 ) <5 : 1. 58C9H. s). 3. 54C1H. t. J=9. 8Hz). 3. 87-3. 94(2H. m). 
3. 96(3H, s), 4. 06(1H, ■). 4. 17QH, dd. J=9. 3, 11. 7Hz). 6. 36C1H. brs), 7. 08(1H. s), 7. 
64(lH.brs). 9. 23C1H. brs) 

[a] D 25 =- 4 2. 6° (cO. 21*/9J-)l) 



*»Wc«fcoT«j&Sft«lBKHIH3* (1) SCJf (2 a) Xtt (2 b) Tg£ 
(3) T***l*tTDD-f >K-iH«#«:*ffll>TlirlB-l»* (6) T^<*tl* 
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WO 98/12197 



PCT/JP97/02207 



13 



1 . ne-te^ ( i ) 

R*G 2 C Y Me . 

R 

(^+, r 1 an ;ma>&nm. r 2 inm^mtm. r 3 liTKK&exss 

•To ) 

2. TIE-**5S (2 a) X(2 (2 b) 

R B 1 

(it<K R 1 B7; R 2 li*6*£©E$m, R 3 

s> r 4 <±Cj ~c 6 om^^uii^TO©iftaT^+^ "c>5>**** 

•To ) 

3. Tie-JKiC (3) 




<5fcK R l «7;/S©^ R 2 R 3 l*7K&S©iS3l 

■r. ) 



WO 98/12197 



PCT/JP97/02207 



14 

4 . TIE— $3; ( 1 ) 




(s«\ r 1 itrum<D^mm. r 2 uymmoimm, r 3 i4tkb*£©#» 
t-o ) 

TSE-JftS: (3) 




(a;*. r 1 , r 2 , r 3 &vr a imfctrnt) 

5. TiE—«!5*; (2 a) Xtt (2 b) 




(iS*. R 1 l±TiySo«ai*. R 2 li7KK»cD«aS, R 3 (i7KB»3l©(Sa 
R 4 liC [ ~Cg ©Htt<£l^li^tttt©i&|R7^+^ 'OS?**** 
To ) 

TE-*iC: (3) 



WO 98/12197 



PCT/JP97V02207 



15 




r 1 , r 2 . R 3 sc;r 4 itmatmb) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP97/02207 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 6 C07D487/04, 209/12, A61K31/40 
According to International Patent gasification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (clarification system followed by classification symbols) 
Int. CI 6 C07D487/04 r 209/12, A61K31/40 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (n 
CAS ONLINE 



5 of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Tetrahedron Vol. 50, No. 9, (1994), pp. 2793- 
2808, Yasumichi Fukuda et al. 
"Synthetic Studies on Duocarmycin. 1- 
Total Synthesis of dl-Duocarmycin A and Its 
2-Epimer" 

Bioorganic & Medicinal Chemistry Letters, 
Vol. 6, No. 16, (1996) pp. 1955-1960 
Dale L. Boger et al. 

"A Comparative Study of the Solvolysis 
Reactivity, Regio selectivity , and 
Stereochemistry of the Duocarmycin A and SA 
Alkylation Subunits" 

Journal of American Chemical Society., Vol. 114, 
No. 25, (1992) pp. 10056-10058 
Dale L. Boger and Kozo Machiya 
"Total Synthesis of (+) -Duocarmycin SA" 

Bioorganic & Medicinal Chemistry Letters, 
Vol. 7, No. 6, (1997), pp. 749-752 



Relevant to daim No. 



X 
A 



2, 4-5 



1-5 



[X] Further documents are listed in the continuation of Box C Q See patent family annex. 



* Special categories of died documents: 

"A" document defining the geocral state of Ibe art which is sol considered 

to be of particular relevance 
"E" earlier document bat published on or after the international flHng date 
"L" document which may throw doubts oa priority claimfs) or which is 

cited to establish the puNicatioa date of another citation or other 

special reason (as specified) 
"O" document referring to an oral disclosure, use, exhibition or other 

means 

*P" document published prior to the international filing date but later than 
the priority date claimed 



T~ Uter document published after the mksmatk>nalCUugda« or priority 
date and not in conflict with the application but died to understand 
the principle or theory underlying the invention 

"X" document of particular relevance; the claimed Invention cannot be 
considered novel or cannot be considered lo involve aa inventive 
step when the document is taken alone 

~Y" document of particular relevance; the claimed invention cannot he 
considered to involve an Inventive step when the document is 
combined withone or more other such documents, such combination 
being obvious to a person skilled in the art 

"ft" document member of Ihe same patent family 



Date of the actual completion of the international search 
September 23, 1997 (23. 09. 97) 



Date of mailing of the international search report 

October 7, 1997 (07. 10. 97) 



Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCI7ISA/210 (second sheet) (July 1992) 



INTERNATIONAL. SEARCH REPORT 



International application No. 

PCT/JP97/02207 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Q tit ion of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


Yasumichi Fukuda et al. 

"Synthesis and Antitumor Activity of Novel 
Cyclopropapyrroloindole (CPI ) Derivatives 
Bearing Bis (Methoxycarbonyl) " 

JP, 4-117383, A (Sagami Chemical Research 
Center) , 

April 17, 1992 (17. 04. 92) (Family: none) 


1-5 



Form PCT/IS A/210 (continuation of second sheet) (July 1992) 



mmmam 



m&&tim^ PCT/JP9J/0220T 



a. wmmztm<o$i& ( i p o ) 

Int. C 1 ' C07D487/04, 209/12, A61K31/40 



B. mMZ'niiz#& 



Int. Cl' C07D 4 8 7/0 4. 2 0 9/1 2. A61K31/40 



CAS ONLINE 













a»*<2>l6H<D*9 


X 


Tetrahedron Vol. 50, No. 9, (1994). pp. 2793-2808 


1 




Yasumichi Fukuda ct al. 




A 


"Synthetic Studies on Duocannycin. I. 


2, 4-5 




Total Synthesis of dl-Duocaroycin A and Its 2-Epimer" 




X 


Bioorganic & Medicinal Cheaistry Letters, Vol. 6. No. 16, (1996)pp. 1955-1960 


3 




Dale L Bo«er et al. 






"A COMPARATIVE STUDY OF THE S0LV0LYSIS REACTIVITY, REGIOSELECTIVITY. AND 






STEREOCHEMISTRY OF THE DU0CARMYCIN A AND SA ALKYLATI0N SUBUNITS" 




X 


J0URNAL OF AMERICAN CHEMICAL SOCIETY. , Vol. 114, No. 25. (1992)pp. 10056 10058 


3 




Dale LBoger and Kozo Machiya 






"Total Synthesis of (+) Duocannycin SA" 





TAj ttlcM&Z>*SXlt?(*a<. Htttttt****)**' 

roj □bc^sr*, »sasewM-s*K 



r&j H-/«r>h7r 5 '!-*» 



3BSP3S*£7LfcB 



2 3. 0 9. 9 7 



07.10.97 



B*Stf3Wf (I SA/JP) 

mm^ i o o 

JKMtfHtBIEMWWHTi 4 #3 *f 



4 C 



9 2 7 1 



SSS^ 03-3581-1101 rt» 6853 



flISCPCT/I SA/2 1 0 (m2"s-i?) (1 9 9 2*£7£) 



mmih®$% PCT/JP97/02207 



c mi) . 



Bioorganic & Medicinal Chenistry Letters. Vol. 7, No. 6, (1997), pp. 749-752 
Yasuoichi Fukuda et al. 

'SYNTHESIS AND ANTITUMOR ACTIVITY OF NOVEL CYCLOPROPAPYBROLOINDOLE 
(CPI)DERIVATIVES BEARING BIS(METHOXYCARBONYL)" 

JP, 4-117383. A (BtfflfcA««**{t¥8f£0i) 
17. 4/J. 1 9 9 2 ( 1 7. 0 4. 9 2) 
(7r 5 O-ttL) 



1-5 



1-5 



&5SPCT/I SA/2 1 0 (f82^-v><Dtt#) ( 1 9 9 2^7^) 



